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Lucie Chaumeton, Gregory Connor, and Ross Curds
Six fundamental risk factors (four for stocks and two for bonds) explain most ofthe
common volatility of individual stocks and bonds worldwide. Some of the risk
factors have a strong international component, and others are more purely national.
The cross-national component of the risk factors tends to be stronger within the
European Union than worldwide. The model proposed in this article can be used for
integration of worldwide asset selection and asset allocation decisions.
Factor models are now widely used to supportasset selection decisions. Global asset alloca-
tion, the allocation between stocks versus bonds
and among nations, usually relies instead on cor-
relation analysis of international equity and bond
indexes. It would be preferable to have a single
integrated framework for both asset selection and
asset allocation. This framework would require a
factor model applicable at an asset or country
level, as well as at a global level, that covers both
stocks and bonds.
We propose a simple and intuitive factor mod-
el of international stocks and bonds. It is built on
six factors inspired by well-accepted research
ideas: market, size, value, and duration factors for
stocks, and yield curve shift and twist factors for
bonds. Because this model is estimated using asset-
level data, it can be used to analyze each asset's
sources of risk. Because it is estimated in a global
framework, it can also be used for global asset
allocation purposes.
The estimates from our model allowed us to
draw a number of conclusions about the sources of
risk on worldwide stock and bond markets. We
found that the global component of the factor model
is stronger in bond markets than in stock markets
and stronger in the European Union (EU) than
worldwide. Two of the risk factors, the market fac-
tor for stocks and the shift factor for bonds, have
strong global components, as well as nation-specific
components. The other four risk factors are mostly
nation specific. We also examined the relationships
between the factor risks, both within national mar-
kets and on a global level.
DATA
Our data consist of monthly returns and funda-
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mental descriptors for individual stocks and bonds
from 13 countries: Australia, Belgium, Canada,
Denmark, France, Germany, Italy, Japan, the Neth-
erlands, Spain, Sweden, the United Kingdom, and
the United States. The data cover 112 months, from
February 1986 to May 1995. The number of stocks
and bonds differs among months; in an average
month, the worldwide sample consists of 487
bonds and 2,000 stocks.
The equity data consist of retum series, market
capitalizations, dividend yields, and book-to-price
ratios each month for each stock. The bond data
consist of return series and a standardized descrip-
tion of the cash flows of each bond. Our bond
database provides, for each bond, an allocation of
all future cash flows into fixed-date vertexes 0,1,2,
3,4,5,7,10,20, and 30 years in the future. The cash
flow allocation assumes that cash flows occur only
on vertex dates. Cash flows occurring between ver-
texes are allocated proportionately to each vertex
to preserve the bond's duration and present value.^
The returns for stocks and bonds are both ex-
pressed in local currencies and in excess of local
one-month risk-free returns. In addition, we calcu-
lated for each country the end-of-month exchange
rates relative to the U.S. dollar. We used these rates
to calculate the full set of cross-rates (e.g., the yen/
pound exchange rate equals the ratio of the yen/
dollar exchange rate to the pound/dollar exchange
rate) over the same 112-month period (February
1986 to May 1995).
SIX FUNDAMENTAL FACTORS
Our factor model is designed to be simple, intuitive,
statistically accurate, and reliable. None of the factors
used in our model is entirely new; to select them, we
relied on a whole range of findings from 20 years of
factor modeling research in the academic and practi-
tioner literature. For all factors, we used theoretically
defined measures of factor exposure, rather than esti-
mating the exposures by time-series analysis.
The two bond market factors are standard (see
Kahn 1995). We defined the shift exposure of a
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given bond as the percentage increase in its price,
given a constant percentage decline in all yields. As
is well known, this amount is equal to the modified
duration of the bond. Let B, (be the price of bond i
at time t, C, f+j be the cash flow of bond i at time t +
s, and i/f s be the yield on an s-period pure discount
bond at time t. Consider a constant percentage de-
crease in all yields in response to a random shock,
dx, so that di/i^/dx - -(1 + 1/(5) for all s. The shift
exposure of a given bond is its percentage price
sensitivity to this parallel shift in yields; that is,
Applying the modified version of the well-
known results of Macaulay (1938) gives
SO that shift exposure is equal to the value-
weighted time to maturity of the bond, or modified
duration.^
Our second bond factor, twist, measures bond
price responses to changes in the slope of the yield
curve. We predefined a midpoint of the term struc-
ture, called mid (in our empirical work, we set mid
equal to four years). We defined a shock to the term
structure that causes yields longer than mid to in-
crease and yields shorter than mid to decrease; the
size of the change is proportional to the time differ-
ence from mid; that is.
We defined the twist exposure of a bond as the
percentage price response to this rotational shock
to yields:
Applying calculus to the present value formula for
the price of a bond gives the following explicit
formula for TWIST:
TWIST,, = {j-
The strongest factor in stock market returns is
the tendency for all stocks in a given country to
move together, the so-called market factor. Histori-
cally, exposure to this factor has been measured by
market beta, usually estimated by time-series re-
gression of each asset's retum against a national
equity index. We followed some recent research in
replacing estimated market beta with a unit expo-
sure to the market factor for every stock. This ap-
proach is the same as imposing the prior assumption
that every stock has a market beta of 1,^
A large number of empirical studies have es-
tablished the importance of size and value as fac-
tors in stock returns (see Sharpe 1992; Capaul,
Rowley, and Sharpe 1993; and Fama and French
1993). We defined average capitalization as the
value-weighted average of the market capitaliza-
tions of all the firms in a country for a given month.
We defined the size exposure of a stock in a given
month as the logarithm of its market capitalization
divided by average capitalization.
Dividing by the average capitalization of each
country-month has two advantages. First, it adjusts
for the tendency of average firm size to increase
through time because of inflation and real growth.
Second, it normalizes size exposure within each
country, so that even a very small country has some
"large" firms. This adjustment has the disadvan-
tage that size exposure is a country-relative quan-
tity that needs to be interpreted carefully in our
global model. In our model, a global investor may
hold a "large" stock in Belgium that is smaller than
a "small" stock in Germany.
We defined a stock's value exposure using its
book-to-price ratio. We adjusted for differences in
accounting standards across countries by dividing
each company's book-to-price ratio by the capitaliza-
tion-weighted average of book-to-price ratios for all
stocks in the same country for all months in the
sample period. We used each country's long-run
average book-to-price ratio; we did not adjust for any
time series variation in book-to-price ratios within
each country.
Following earlier work, we defined stock dura-
tion as the reciprocal of the stock's dividend yield
(see Bernstein and Tew 1991), Treating an equity as
a perpetuity with constant dividend growth, the re-
ciprocal of dividend yield gives the value-weighted
average maturity of the cash flows to the share,
which is the original definition of duration for bonds.
Note that stock duration does not measure sensitiv-
ity to parallel shifts in interest rates. Stock duration
is value-weighted average maturity, but it is not
equal to interest rate sensitivity. We added 1 percent
to each stock's stated dividend yield to adjust for
nondividend cash flows (such as corporate stock
repurchases and cash-financed mergers).
Table 1 lists for each country the average num-
ber of stocks and bonds across the 112-month sam-
ple and the mean and standard deviation of each of
the six factor exposures except market exposure
(because market exposure is a 0/1 dummy, these
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sample statistics are not meaningful for it). Recall
that the value and size exposures are standardized
within each country but stock duration exposures
are not. Standardizing stock duration within each
country has some justification. Note in particular
the long average duration of Japanese stocks. In our
model, an investor choosing to hold Japanese stocks
is also choosing to hold long-duration stocks. We
believe that maintaining this feature of the model
was better than eliminating it by standardizing
stock duration within each country. The shift and
twist exposures do not need to be standardized,
RELATIVE IMPORTANCE OF NATIONAL
AND GLOBAL FACTORS
We estimated two forms of the factor model: a
global model, which has a single set of factor
returns across all countries, and a nation-specific
model, in which the factor returns are allowed to
differ among countries. Table 2 shows the explan-
atory power of the global model, the nation-specific
model, and individually for each of the nations
within the nation-specific model. See the appendix
for more details on the estimation of factor returns
and on the calculation of explanatory power.
On the worldwide sample, our global factors
explain 21 percent of stock volatility and 60 percent
of bond volatility, an impressive result for such a
simple and intuitive model. Allowing factor re-
turns to differ across nations explains an additional
13 percent of stock volatility and 35 percent of bond
volatility. A large component of both stock and
bond returns is therefore explained by global influ-
ences; in the case of bonds, the explanatory power
of the global factors is almost two-thirds of that
achieved with nation-specific factors.
The models are shown with two estimation
universes. The first uses a worldwide sample; the
second is restricted to the eight EU countries in our
sample.* Global influences in this subsample are
expected to be higher if the EU is more economical-
ly integrated than the world at large. The explana-
tory power of the global model is indeed higher
within the EU than in the whole sample: 26 percent
versus 21 percent for stocks and 70 percent versus
60 percent for bonds. Although global factors have
more influence within the EU than worldwide, al-
lowing nation-specific factors produces a smaller
increase in explanatory power: 7 percent for stocks
and 23 percent for bonds. Both the larger global
component and the smaller increase from allowing
nation-specific factors indicate that the EU is more
integrated than the world generally.
The marginal explanatory power of each factor
is measured in two ways. Table 3 presents the
explanatory power of each factor used alone and
the increase in explanatory power resulting from
adding a factor to a model that already includes all
the other factors,^ Both measures of marginal ex-
planatory power point to the market factor and
shift factor as the main sources of risk for stocks and
bonds, respectively. Used alone, the market factor
explains 18 percent of stock returns globally and 37
percent nationally, on average. Used alone, the shift
factor explains 91 percent of bond returns nation-
ally, on average, and 59 percent globally.
Table 2. Explanatory Power of Global and Nation-Specific Models
Sample
Global
Worldwide
European Union only
Nation specific
Worldwide
European Union only
Australia
Belgium
Canada
Denmark
France
Germany
Italy
Japan
The Netherlands
Spain
Sweden
United Kingdom
United States
Stocks
Number of
Coefficient Months
0,214
0,261
0,347
0,332
0,384
0,505
0,186
0.375
0.419
0,490
0,542
0,448
0,494
0,428
0,520
0,406
0,305
112
112
112
112
112
112
61
112
112
112
112
112
112
112
112
112
112
Bonds
Number of
Coefficient Months
0,603
0,695
0,957
0,923
0,971
0,946
0,976
0,954
0.960
0.942
0.916
0,942
0.948
0.830
NA
0,898
0,980
112
112
112
112
85
56
108
99
92
88
39
98
102
56
2
91
112
NA = not available.
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Table 3. Marginal Explanatory Power of Each Factor Used Alone and Added
to Model Using All Other Factors
Model
Global
Nation specific
Australia
Belgium
Canada
Denmark
France
Germany
Italy
Japan
The Netherlands
Spain
Sweden
United Kingdom
United States
Average
Global
Nation specific
Australia
Belgium
Canada
Denmark
France
Germany
Italy
Japan
The Netherlands
Spain
Sweden
United Kingdom
United States
Average
Market
0.184
0.314
0,452
0.116
0.293
0.383
0.455
0.511
0.402
0.425
0.371
0.420
0.370
0.275
0.368
0.028
0.065
0.077
0.022
0.043
0.056
0.049
0.052
0.016
0.036
0.065
0.084
0.038
0.034
0.049
Size
0.143
0.181
0.260
0.119
0.166
0.255
0.322
0.385
0.351
0.398
0.308
0.239
0.321
0.236
0.272
0.006
0.017
0.017
0.018
0.014
0.009
0.013
0.016
0.031
0.020
0.020
0.013
0.016
0.007
0.016
Value
Factors Used
0.073
0.183
0.141
0.093
0.207
0.169
0.164
0.200
0.325
0.326
0.187
0.214
0.160
0.112
0.191
Factors Added
0.005
0.027
0.001
0.023
0.035
0.011
0.008
0.007
0.006
0.024
0.022
0.025
0.009
0.005
0.016
Stock
Duration
Alone
0.153
0.125
0.388
0.104
0.262
0.311
0.392
0.365
0.381
0.360
0.281
0.295
0.280
0.222
0.290
to Model
0.015
0.016
0.030
0.009
0.022
0.011
0.012
0.009
0.004
0.015
0.009
0.033
0.005
0.012
0.014
Shift
0.586
0.939
0.924
0.943
0.929
0.926
0.916
0.899
0.931
0.927
0.815
NA
0.864
0.956
0.914
0.294
0.769
0.674
0.597
0.860
0.500
0.604
0.951
0.374
0.580
0.923
NA
0.337
0.460
0.627
Twist
0.308
0.202
0.272
0.379
0.094
0.460
0.339
-0.035
0.668
0.368
-0.093
NA
0.561
0.520
0.311
0.016
0.032
0.022
0.032
0.024
0.034
0.027
0.017
0.011
0.021
0.015
NA
0.034
0.024
0.024
NA = not available.
The stock duration and size factors have
roughly equal importance for stock retums. Value
is the weakest factor, explaining only 7 percent of
stock returns globally and 19 percent nationally, on
average, when used alone.
RELATIONSHIPS BETWEEN THE
FACTORS
The correlations between the factors provide an indi-
cation of the links between the types of pervasive
risk. Table 4 shows these correlations for the global
factors, and Table 5 shows the average correlations
for nation-specific factors. In both tables, the corre-
lations that are significantly different from zero with
95 percent confidence are marked with an asterisk.^
We observed a negative correlation between
the market factor and value factor in stocks both
globally and nationally. This negative correlation
means that a value portfolio that is hedged against
the other factor exposures will outperfomi when
the market falls. The value factor and stock dura-
tion factor are positively correlated on a global
level; the correlation is also positive on a national
level but is not statistically significant. The market
and stock duration factors are negatively correlated
both nationally and globally.
The correlation between the two bond market
factors is not economically meaningful because it is
dependent on the "midpoint" of the term structure
defining the twist exposures. To fit the factor model
best, the midpoint should be chosen so that this
correlation is not too large in magnitude. A too-low
value for the midpoint induces negative correlation
between the shift and twist factors; a too-high value
induces positive correlation. Because the global cor-
relation is slightly negative and the average national
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Table 4. Correlations of the Global Model Factor Returns
Factor
Market
Size
Value
Stock duration
Shift
Twist
Market
1.000
Size
0.097
1.000
Value
-0.274»
-0.286
1.000
Stock Duration
-0.196
0.119
0.223*
1.000
Shift
0.350
0.079
-0.259'
-0.064
1.000
Twist
0.014
-0.093
0.006
-0.134
-0.111
1.000
Significant at the 5 percent level.
Table 5. Averages across Countries of the Correlations of the Factor
Returns in the Nation-Specific Model
Factor
Market
Size
Value
Stock duration
Shift
Twist
Market
1.000
Size
0.190*
1.000
Value
-0.355*
-0.079
1.000
Stock Duration
-0.253*
0.027
0.179
1.000
Shift
0.408*
0.058
0.038
-0.020
1.000
Twist
-0.043
-0.040
0.038
-0.024
0.055
1.000
Significant at the 5 percent level.
correlation is slightly positive, the choice of four
years as the midpoint seems appropriate.
Lastly, we considered the correlations between
the stock market factors and the bond market fac-
tors. These correlations reflect interactions between
two asset classes that are usually analyzed sepa-
rately. As expected, we found that the market factor
in stocks has a strong positive correlation with the
shift factor in bonds. This comovement is observed
homogeneously at both national and global levels.
Bond and stock markets tend to move together, and
this interaction is captured by the correlation be-
tween their dominant risk factors.
It is revealing that the bond market shift factor
and the stock market duration factor have a slight
negative correlation, showing that theoretically de-
fined stock duration has no useful relationship to
interest rate sensitivity. For bonds, interest rate
sensitivity and duration (value-weighted time to
maturity) are empirically very close substitutes; for
stocks, they are not.
WORLDWIDE INTEGRATION OF
SECURITY MARKET RISK
The results in Table 2 indicate a large global compo-
nent to stock and bond market retums. They also
reveal that the level of international integration is
stronger across bond markets than across stock mar-
kets and stronger within the EU than worldwide. An
examination of the cross-country correlations of the
factors from the nation-specific model allowed us to
refine this analysis. If a particular factor is mostly
"global" in nature, then these cross-country correla-
tions, shown in Tables 6 and 7, should be high.
Table 6 shows the average of the cross-country
correlations for each factor and the percentage of
these correlations that are positive. The market and
shift factors have the highest average cross-national
correlations at about 31 percent and 49 percent, re-
spectively. All correlations between market factors
are positive. For the shift factor, 92 percent of the
correlations worldwide and 100 percent within the
EU are positive.
Table 6. Average Correlation of Each Factor across Countries in the
Nation-Specific Model
Factor
Market
Size
Value
Stock duration
Shift
Twist
Worldwide Sample
Average
Correlation
0.306*
0.086
0,007
0.016
0.485*
0.238*
Percentage Positive
Correlations
100.0
76.9
55.1
53,8
92,3
78.2
European-Union-Only Sannple
Average
Correlation
0.378*
0.112
-0.012
0.017
0.599*
0.309*
Percentage Positive
Correlations
100.0
78.6
42.9
60.7
100.0
100.0
Significant at the 5 percent level.
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As shown previously by Capaul, Rowley, and
Sharpe (1993), the value factor is very nation spe-
cific. The average correlation is very close to zero,
and only about half of the correlations are positive.
The stock duration and size factors also appear to
be mostly nation specific.
For all factors but value, average correlation is
higher and the percentage positive is higher within
the EU than worldwide. This result confirms our
earlier finding from Table 2 that EU capital markets
are more integrated than those in the world at large.
We refined our analysis by examining the cor-
relation of each country's factors with those of
Germany, Japan, and the United States. The results
are shown in Table 7. Germany and the United
States were chosen to represent the core of two
geopolitical blocs: the EU and North America. One
would expect correlations between countries with-
in these two geopolitical blocs to be higher than
worldwide. Japan provides a counterpoint because
it is a large economy not affiliated with either the
EU or North American geopolitical bloc.
For the market and shift factors, all the corre-
lations between Germany and other EU countries
are positive and significant.
As expected from the results in Table 6, the
correlations between value factors are low both
within the EU and worldwide. Value is the only
factor for which the correlation between Germany
and France (the "twin pillars" of the EU) is not
significantly positive. The only case of a reliably
positive value correlation might be between the
United States and Canada. These two national mar-
kets are so closely integrated that even this (gener-
ally very local) stock market factor is correlated
between them.
Correlations between market factors are gen-
erally high and significant. The U.S. market factor
has a significant positive correlation with the mar-
ket factor from all countries except Sweden.
In contrast with the higher correlations general-
ly observed between Germany and the EU and be-
tween the United States and Canada, the correlations
with Japan are generally lower than average. For the
market factor, 8 out of 12 correlations with Japan are
below the worldwide average. For the shift and twist
factors, 7 and 10 out of 11 correlations, respectively,
are below the worldwide average.
The evidence from Tables 6 and 7 confirms our
previous findings from Table 2 that the EU stock
and bond markets form a geopolitical bloc within
which integration is stronger than worldwide. The
same holds for the United States and Canada. We
found (again as in Table 2) that bond market factors
are more intemational than stock market factors.
Most of the international correlation of stocks
comes from the positive correlations of the market
factors. The value factor is notable for its particu-
larly weak cross-national correlations.
EXCHANGE RATE RETURNS AND
STOCK AND BOND MARKET FACTOR
RETURNS
In the analysis above, stock and bond returns are
measured in local currencies and in excess of the
local risk-free return. Working with local-currency
excess returns is desirable for two reasons. First, it
removes the distorting effects of currency changes
and so allows clearer analysis of the worldwide
comovements in stock and bond market returns.
Second, it conforms to best practice, which views
the currency decision as an independent "overlay"
on stock and bond decisions made in fully hedged
terms (e.g., see Gastineau 1995). (Because of cov-
ered interest parity, excess local-currency returns
are equivalent to fully hedged returns.)
We rounded out the analysis by relating the
stock and bond market risk factors to exchange rate
movements. For each country, we calculated the
realized local-currency retum to a basket of foreign
currencies, with the basket weights proportional to
each foreign country's national income. We call this
amount the foreign exchange return.^
Table 8 shows the correlations between each
country's foreign exchange retum and its domestic
stock and bond market factors. Only 18 of the 76
correlations are significant, and the correlations
across countries or across factors have no consistent
pattern. France, Japan, and the United States show
the most significant coefficients, but the signs and
magnitudes of the coefficients are too variegated to
suggest any meaningful interpretation. As a gener-
al conclusion from Table 8, the relationship be-
tween the stock and bond market factors and
foreign exchange retums showed few, if any, reli-
able patterns. This finding justifies the approach
taken throughout this study: The currency invest-
ment decision is best viewed separately from the
stock and bond selection decision. Because local
stock and bond market returns and currency move-
ments have no reliable patterns of correlation, the
global stock and bond decisions are best analyzed
in local currency terms, and the currency decision
should be studied separately.
CONCLUSION
The global portfolio management problem is mul-
tidimensional. It includes decisions on country
allocation; stock versus bond allocation; and allo-
cation across asset risk characteristics such as dura-
tion, size, and value, and individual asset selection.
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Table 8. Correlations between Foreign Exchange Returns and National
Factor Returns
Country
Australia
Belgium
Canada
Denmark
France
Germany
Italy
Japan
The Netherlands
Spain
Sweden
United Kingdom
United States
Average
Market
-0.291*
0.215*
0.172
0.269*
0.138
0.118
0.028
-0.227*
0.226*
0.102
0.056
0.095
-0.042
0.066
Size
-0.072
-0.225*
0.190
0.063
-0.060
-0.144
0.104
0.003
-0.111
0.054
0.012
-0.086
0.230*
-0.003
Value
0.002
-0.067
-0.241
-0.172
0.187*
0.157
-0.041
0.360*
0.147
-0.127
0.144
-0.044
-0.214*
0.007
Stock
Duration
-0.230*
0.000
-0.201
-0.050
0.125
0.096
-0.142
0.189*
0.120
0.051
0.008
0.029
-0.109
-0.009
Shift
-0.067
0.219
-0.173
0.036
0.257*
0.082
-0.026
-0.338*
0.062
0.130
NA
0.049
0.200*
0.036
Twist
0.194
-0.007
-0.213*
0.014
0.296*
0.115
0.059
-0.044
0.051
0.128
NA
0.326*
0.152
0.089
*Significant at the 5 percent level.
NA = not available.
The main attraction of a global stock and bond
model is that it can help harmonize the investment
decision process across all those dimensions. Such
a model can provide a common framework for
measuring risk and predicting retum. Different
types of assets in various countries can be analyzed
within this single framework, and the work of
country analysts, local portfolio managers, and the
asset allocation committee thereby can be made
more coherent.
Using six simple and intuitive factors, we built
a worldwide factor model of stock and bond re-
turns. The global version of the model explains 21
percent of the return of the typical stock and 60
percent of the retum of a typical bond. The two
dominant factors, shift for bonds and the market
factor for stocks, also happen to be the most global
influences on stocks and bonds. Global asset allo-
cation should weigh the global influence of these
two factors against the diversifying potential of
more local influences such as value, size, or twist.
Portfolio managers should take account of geo-
political blocs, within which a higher level of inte-
gration holds than worldwide. The two geopolitical
blocs examined in this study are the EU and North
America (represented by Canada and the United
States). Within each of these blocs, cross-national
correlations of the factors are higher than between
blocs, so that a more "regional" perspective is appro-
priate, particularly within bond markets.
Currency retums have no stable, reliable pat-
terns of correlation with stock and bond market
factor retums. The currency investment decision is
best studied independently from the stock and
bond investment decision because the influences
on currency returns are quite distinct from those on
stock and bond returns.
APPENDIX
We estimated the factor retums using a standard
procedure. For each month, we regressed the cross-
section of asset excess retums against the cross-
section of factor exposures; the resulting regression
coefficients are the factor returns for that month.
We estimated the regressions separately for stocks
and bonds. For the global model, the regression
equations for stocks and bonds are
n = 1 x/n,k. + SIZE, x/3i,, + VALUE, x^,^, + SDUR,
x/sdur + e.' for stocks;
r, = SHIFT, x/ji,!,, + TWIST, , + Zj for bonds.
For the worldwide sample, these cross-sectional
regressions include all stocks and bonds for which
we have data in a given month, whereas for the EU-
only sample, the regressions are limited to those
securities in the eight EU member states.
For the nation-specific model, we allowed the
factor retums to differ among each of the C countries
in the sample (in particular, C = 13 for the world-
wide sample and C = 8 for the EU sample):
c
n =ld.c(l x/^,,^ + SIZE, x/^i,,^ + VALUE,
x /vaiue,c+ ^ J + E, for stocks; and
, , , ( , / 3 , i , ^ +TWIST, x/,,i,,^)
c=\
+ e, for bonds.
The dummy variable dj,- equals 1 if stock or bond i
is in country c, and 0 otherwise.
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The explanatory power is 1 minus the ratio of
the average unexplained variance to average total
variance; thus.
EP = \-
ufhere r, = z.
N T
1=1 t=\
1=1 (=1
1=]
The variable DF is a degrees of freedom correction
that equals the total number of observations
divided by the total number of observations minus
the number of estimated factor returns. For asset
return factor models, this measure of explanatory
power is superior to the more conventional R^ mea-
sure, as pointed out in earlier work (see Connor
1995 and Beckers et al. 1996). We also calculated
explanatory power for each individual country,
using the estimates from the nation-specific model
and restricting the cross-sectional sample to the
stocks or bonds in a single country.^
NOTES
1. For more details on cash flow allocation in this bond
database, see BARRA (1991).
2. For the original results, see Macaulay (1938). For a modem
treatment, see Chapter 21, Elton and Gruber (1995).
3. See Fama and French (1993), who showed that in a
multifactor model such as ours, individual stock market
betas differ very little from 1. Imposing the prior assumption
that all market betas equal 1 eliminates a large amount of
estimation error from the market betas (because we need not
use time-series regression to estimate them) and sacrifices
very little accuracy in the model.
4. Although Sweden is at present a member of the EU, we did
not include it in our EU sample because it was not a member
for most of the time period studied. The eight HU countries
included in our sample are Belgium, Denmark, France,
Germany, Italy, the Netherlands, Spain, and the United
Kingdom. We use the term "global model" regardless of the
estimation universe. "Regional model" would be a more
accurate term in the case of the EU-only estimation universe.
5. For a detailed discussion of this approach to measuring the
power of individual factors, see Connor (1995).
6. We used the standard large-sample approximation to the
distribution of a time-series estimated correlation coefficient.
That is, given that that true correlation is zero, the estimated
correlation coefficient is approximately normally distributed
with mean equal to zero and standard error equal to 1 over
the square root of the number of time-series observations. For
example, with 112 months of data, to be significantly
different from zero with 95 percent confidence, a correlation
coefficient must have absolute value greater than 0.185. We
used the same test for averages of correlation coefficients (as
in Table 5), which is conservative because averaging tends to
lower the true standard error.
7. For each month in a given year, we used the previous year's
gross domestic product, measured in U.S. dollars at the end-
of-December exchange rate. Gastineau (1995) suggests
adding the difference between the local and foreign risk-free
retums to the currency retums. For correlation analysis,
including the difference between the risk-free returns has no
meaningful effect on the results. For simplicity, therefore, we
show the results using pure currency retums and ignoring
differences in risk-free returns.
8. We would like to thank Stan Beckers and Ronald Kahn for
helpful comments and Sam Wai-Gheng Lam for research
assistance.
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